This study was aimed to determine the extent to which Prosopis species had invaded four settlements (Bokspits, Rappelspan, Vaalhoek and Struizendam) located in the Kgalagadi Desert south west of Botswana, investigate the perceptions of the communities about the existence of the species in their environment and assess possible control options for the spread of Prosopis plants in the area. Prosopis plants were sampled in 42 quadrats of 625 m 2 along a 70 km Prosopis invasion gradient from Struizendam to Rappelspan. Using the Global Positioning System (GPS), the locations of all quadrats were established. The distribution map of Prosopis plants was produced using ArcGIS 9.2 (ESRI Inc.). Questionnaire survey and focused group discussions were used to collect data on the perceptions of rural communities about the species. A total of 342 respondents comprising 139 males and 203 females were interviewed, and four focussed group discussions were conducted. The results indicated that the invasion of Prosopis species was prominent in and around settlements suggesting that anthropogenic activities had a significant role in the spread of Prosopis plants in the area. The perceptions of rural communities about Prosopis plants appeared to be moulded by the impacts of the plants on their livelihoods as well as their micro-economic status. The respondents (71.30%) expressed the view that the invasion of Prosopis species negatively affected the livelihoods of the communities in the study area. They identified eradication as the preferred method of controlling the spread of Prosopis plants. On the contrary, this study recommended the integrated environmental management paradigm as the best options for the control of the spread of Prosopis plants in the area.
Introduction
Prosopis Linnaeus amend. Burkart genus belongs to the family Leguminosae (Fabaceae), sub-family Mimosoideae [1] . Prosopis species are trees or shrubs of various sizes which are primarily xerophilous, aculeate, and spiny [2] . The taxonomy of Prosopis genus compiled by [2] included 44 Prosopis species and a number of varieties. The range of the genus covers arid and semi-arid regions in Africa, Asia, Central, Northern and Southern regions of America [1] . Prosopis juliflora is the most common and widely spread Prosopis species [1, 3] .
Prosopis species were introduced in various areas primarily to combat desertification and improve the quality and quantity of fodder resources in arid regions [1, 4, 5] . However, the introduction of Prosopis species in many areas resulted in undesirable ecological and socio-economic consequences. Many communities inhabiting areas where Prosopis species have been introduced initially welcomed the introduction of the species until the species developed conspicuous invasive characteristics that impacted negatively on their livelihoods [6, 7] .
Owing to allelophathy, Prosopis plants suppress growth [7, 8] . Prosopis tap roots are able to reach a depth of 20 to 25 m, and some Prosopis trees whose roots reached beyond this depth have been reported globally [1] . The roots allow Prosopis plants to tap water from deep underground causing shortage of underground water by lowering the water table [1] . Most Prosopis species have large thorns [9] which are often detrimental to people and farm equipment. In addition, reports that Prosopis plants cause allergies and diseases have been documented [7, 8] . To this end, Prosopis plants are often associated with the term "invasive alien species" [7, 10, 11] . Although Prosopis species is frequently associated with the term "invasive alien species" which more often than not implies negativity [11] ; positive ecological and socio-economic impacts have been noted about the species. Positive impacts of Prosopis species are evident in areas where the species are used to stabilize sand dunes [5, 12, 13] , used as fuel energy resources [1, 6, 7] , used to improve soil fertility [13] , used for soil moisture conservation [1, 11, 14] , used as construction timber, shade and furniture wood [1] , used as feed and forage for livestock [15, 16] , used as food resources for humans [1, 7] , used for honey production [17] , used for the creation of employment [1, 7] , used for production of exude gums [1, 18] , used for production of fibres, tannins and dyes [19] and used for medicinal purposes [20] .
The coexistence of positive and negative ecological and socio-economic impacts associated with Prosopis species has instigated researchers to investigate whether Prospis plants are "weed or wonder", "pest or providence" and "friend or foe" [1, 7, 21, 22] . Empirical research generally indicates that, despite the general perception that Prosopis species are alien invasive plants in the arid and semi-arid regions, the benefits derived by the local communities from the presence of Prosopis plants in the environment outweigh the benefits that could be drawn from the absence of the plants [1, 6, 7] . Additionally, the perceptions about the impacts of invasive plants by rural people are normally influenced by the impacts that the species have on their livelihoods [23] .
Diversity in the perceptions of different rural communities about Prosopis species have been reported globally [1, 6, 7] , but paucity of work in this line of research still exists particularly with reference to the rural communities inhabiting the Kgalagadi Desert which covers the central part of Botswana, eastern Namibia and north western regions of the Republic of South Africa. Therefore, the aim of this study was to determine the extent to which Prosopis species had invaded four settlements in the Kgalagadi area south west of Botswana, investigate the perceptions of the communities about the existence of the species in their environments and assess possible control options for the spread of Prosopis plants in the area.
Material and Methods

Description of the Study Area
The study focused on four villages (Bokspits, Rappelspan, Vaalhoek and Struizendam) located in the south west of Botswana in the southern Kgalagadi district (Figure 1) . The study is located within a vast area covered in sand stretching between the Orange River and the Zambezi River including the western and central part of Botswana, eastern Namibia and North western regions of South Africa identified as the Kgalagadi Desert. The sandstone and quartz comprise the rocky outcrops in the study area with calcrete dominating the riparian zones along the Nossob-Molopo River valley.
The vegetation of the area is generally open tree and grass savanna with sparse cover of tussock grasses. Acacia erioloba, Acacia haematoxylon, Rhigozum trichotomum, Lycium namaquense, Monechma incanum, Prosopis chilensis, Prosopis velutina, Prosopis juliflora, Prosopis glandulosa, hybrids of P. juliflora and P. glandulosa, P. Juliflora and P. pallida, P. Chilensis and P. glandulosa, P. Glandulosa and P. pallida, and P. juliflora and Acacia karoo comprise the main trees and shrubs found in the study area [24] . Schmidtia pappophoroides and Eragrostis species are the main grass species growing in the area [4] .
The study area is located in the driest part of Botswana where the mean annual rainfall is 300 mm and the rainfall season is characterized by erratic rainfall patterns [25] . The area experiences very high temperatures in summer which may reach up to over 40˚C, while the winter temperatures are normally between 2˚C to 4˚C [4] .
The San are the first inhabitants of the Kgalagadi area in Botswana [26] . The Kgalagadi communities were initially nomadic hunters and gatherers and depended on sip holes for water [27] until they ceased their nomadic life by the end of the first quarter of the 20 th century after the advent of pit wells and underground water extraction technologies. The main livelihood activity and land use type in the study area is pastoral farming at both commercial and subsistence levels.
Survey of the Spread of Prosopis Plants
Sampling quadrats of 25 m × 25 m (625 m 2 ) were used to sample Prosopis plants along a 70 km Prosopis invasion gradient from Struizendam to Rappelspan area. The quadrats were spaced by a distance of 500 m. The Global Positioning System (GPS) was used to determine the coordinates of all quadrats. The density of Prosopis plants was determined in a total of 42 quadrats. ArcGIS 9.2 this study was presented and the objectives of the study were explained to local authorities and all participants. Questionnaires that had multiple answers were administered to 342 people comprising 139 males and 203 females ( Table 1) . The most predictable answers had been pre-stated, but were not read out to respondents to avoid influencing their opinions. It is generally believed that young members of communities normally lack knowledge on the changes that occur in their environment, hence this study used participants who were at least 20 years old.
(ESRI Inc.) was used to analyse data and produce a map showing the distribution of Prosopis plants in the study area through interpolation process.
Questionnaire Survey and Focused Group Discussions
Questionnaire survey and focused group discussions were used to investigate the perceptions of the communities about Prosopis species. To seek relevant consent, the research permit issued by the Botswana Government for Open-ended questions were used in the focused group discussions conducted in the four settlements. In Bokspits, the focused group discussion was attended by the BORAVAST (Bokspits, Rappelspan, Vaalshoek & Struizendam) Trust Community Based Natural Resource Management Committee, the Chiefs and their assistants, headmen, Village Development Committee (VDC) members and some elders of the communities from the four settlements. The Chiefs, VDC members accompanied by some elders of the communities were engaged in the focused group discussions separately held in Struizendam and Vaalshoek. In Rappelspan, the focused group discussion was conducted through a meeting attended by the Chief and his assistant, VDC members and other members of the community. All focused group discussions were facilitated by the researcher to avoid bias toward the perceptions of the most vocal participants as this could compromise data quality. The Predictive Analytics SoftWare (PASW) Statistics 19.0 was used to process data obtained from the interviews and focused group discussions.
Results
The Distribution of Prosopis Species
The invasion of Prosopis species was mostly noticeable in the settlements areas and their surroundings (Figure 2) . High density of Prosopis trees was particularly observed around livestock water points (boreholes and wells). Heavily invaded patches that were found outside the settlements corresponded with locations of farms that were not fenced. In the farms, the density of Prosopis plants was high around livestock water points diminishing with increase in distance from water points.
Questionnaire Survey and Focused Group Discussions
The respondents (78.44%) indicated that Prosopis species were mainly introduced into the study area in the early 1980s by the defunct Department of Forestry which was under the Ministry of Agriculture. They also mentioned that before the Department of Forestry brought Prosopis plants into the area, some individuals in their communities had already began, as early as before and around the 1970s, to bring the plants into the area from Namibia and South Africa. The respondents (94.20%) observed that Prosopis plants were allellopathic. The introduction of Prosopis plants was initially embraced and the communities interacted with the plants harmonious until the early 1990s when the spread of Prosopis plants reached an alarming rate in the study area. However, the impacts of Prosopis invasion on the livelihoods of the communities became an issue of concern to the respondents (59.9%) around the year 2000. Upon realizing the seriousness of the impacts of the invasion of Prosopis species on their livelihoods, some attempts were made by the communities to eradicate or at least control the spread of Prosopis plants. The respondents (69.07%) indicated that the efforts that were made to arrest the invasion of Prosopis species mainly included pruning and uprooting mature Prosopis plant. Notwithstanding this, the rate at which Prosopis plants invaded the area continued unabated over the years.
The respondents (76.83%) believed that the dispersal of Prosopis seeds by livestock which feed on Prosopis seed pods exacerbated Prosopis invasion. Consequently, 71.30% of the respondents asserted that the invasion of Prosopis species resulted in a decline in the livelihoods of the communities, and 80% of the respondents viewed Prosopis plants as environmental nuisance. Although the respondents generally viewed Prosopis plants as foe, they mentioned that there were some socio-economic benefits such as availability of firewood, timber for fencing and seed pods for livestock feed associated with the spread of Prosopis plants in the area. The views that the respondents expressed against Prosopis species mirrored the notion of other rural communities which inhabit areas affected by Prosopis invasion elsewhere [e.g. 7,10]. The views indicated that feeding of livestock on Prosopis seed pods caused death to livestock, Prosopis plants killed other plant species growing in the study area, depleted underground water resources and have large thorns that caused tyre deflation and injury to people.
The respondents (72.30%) mentioned that efforts to solicit external help concerning the control of the spread of Prosopis plants were made in several occasions by the communities. They further pointed out that the Government incorporated clearing of Prosopis plants in one of the poverty alleviation programmes as a reaction to their appeal for assistance. Prosopis management options identified by the respondents included eradication of The respondents perceived lack of market (77.10%) and low prices for Prosopis derived products as the main challenges constraining the exploitation of the spread of Prosopis plants in the study area. In spite of the challenges faced by the communities in exploiting the spread of Prosopis plants, some respondents (48.98%) mentioned that there were some ways in which the communities could generate income from Prosopis derived products. The respondents who expressed this view identified fire wood harvesting and fodder production as feasible options of community development activities. However, the respondents also indicated that in the absence of external support, the identified and other potential community development options would be negated by limitations such as lack of resources, lack of market and low prices for Prosopis derived products. The respondents (82.16%) expressed their willingness to embrace innovative ideas that could assist them to harness the spread of Prosopis plants.
Discussion
Prosopis Species Distribution
The invasion of Prosopis species mostly affected settlements, farms and livestock water points. This suggested that anthropogenic activities, particularly livestock rearing, significantly influenced the spread of Prosopis plants in the study area. The observation also showed that livestock had a major contribution in the dispersal of Prosopis seeds. Lack of surface water sources and low rainfall in the area appears to be the cause of the concentration of livestock around water points (boreholes and wells) which promoted high rates of Prosopis seeds dispersal and the invasion of Prosopis plants around settlements and farms.
Socio-Economic Aspects and Perceptions
The respondents expressed the view that the negative socio-economic impacts of Prosopis species outweighed the benefits derived from the species. The explanation of this view was premised upon two theories. The first theory states that the perceptions of people about invasive species are shaped by the economic impacts of the species on their livelihoods [1, 23] . The second theory is founded upon micro-economic theory of consumer preferences [22] . It indicates that preferences over commodities are dictated by the characteristics of households, including occupation, proximity to forests, user of the invasive plants, as well as the characteristics of the invasive plants. The communities in the study area were predominantly poor and the improvements that they preferred in their livelihoods were those that could mitigate their poverty such as creation of employment opportunities. Although some respondents mentioned some benefits enjoyed by the communities from Prosopis plants, the invasion of Prosopis species had not addressed the basic needs of the communities in the area. Therefore, the perception that the negative socio-economic impacts of Prosopis species outweighed the benefits derived from the species was considered to be influenced by the belief that Prosopis plants did not produce preferred positive socio-economic impacts on the livelihoods of the communities.
The potential for generation of funds from Prosopis plants was not realised by more than half (51.02%) of the respondents due to their view that the plants had insignificant positive socio-economic benefits. However, it is worth noting that during focused group discussions, reference to some socio-economic benefits derived from Prosopis plants elsewhere stimulated interest among the respondents. Additionally, the willingness of the respondents to accept new ideas of exploiting the spread of Prosopis plants for the improvement of their livelihoods was noted. This suggested that the communities in the study area may change their perceptions about Prosopis plants if the nature of goods and services derived from the plants changes. Even so, lack of essential resources in the communities implied that without external support, the goods and services potentially attainable from Prosopis plants remained impracticable.
The most notable socio-economic benefit of Prosopis according to the respondents was the improvement of the quality and quantity of fodder resources in the study area. In line with this, research has shown that Prosopis seed pods are very nutritious fodder resources which are high in soluble sugars, and contain low concentrations of tannins and other unpleasant chemicals, with moderate to high digestibility [1] . To this end, external support could assist the rural communities to maximize the utilization of Prosopis plants in the production of fodder resources as part of a sustainable means of managing the spread of the species in the area.
Ecological Aspects and Perceptions
The respondents indicated that the invasion of Prosopis species had reduced plant diversity in the study area. Similar to other areas around the world where there is Prosopis invasion [e.g. 1, 7, 10, 11, 23] , this observation was alluded to the ability of the species to become established over a large area from a few scattered trees and the strong survival characteristics of the species. Although the respondents acknowledged the importance of Prosopis plants as part of fodder resources in the study area, they indicated that they had experienced incidences of death of livestock, particularly donkeys and horses, which fed on Prosopis seed pods. The respondents mentioned that the digestive systems of donkeys and horses could not effectively digest the seed pods. Accounts of incidences of death of livestock which fed on Prosopis seed pods have also been recorded elsewhere [1, 10, 11] . However, [16] observed that the cause of illness and death among livestock that were on an exclusively Prosopis-based diet was due to ruminal impaction caused by Prosopis seeds which had been insufficiently digested. Contrary to the perceptions of the respondents, no correlation between the ability of an animal to digest Prosopis seeds and the resilience of the animal towards ruminal impaction was found in other studies [e.g. 16, [28] [29] [30] . The quantity of Prosopis seeds consumed by an animal was found to be a crucial factor that determined the effects of the seeds on the animal's health [16, [28] [29] [30] . Free range farming was the most common pastoral farming system practiced in the study area. As a result, farmers were not in control of the amount of Prosopis seed pods consumed by livestock within a given period of time. Therefore, the deaths of livestock that fed on Prosopis seed pods reported in the study area may possibly be linked to excessive and uncontrolled consumption of Prosopis seed pods.
Respondents considered donkeys and horses as the main animals that contributed significantly in the dispersal of Prosopis seeds as they observed that the seeds normally traversed the digestive systems of donkeys and horses without damage. Elsewhere, it was observed that 82% of Prosopis seed germinated after passing through horses, 69% through cattle and 25% through sheep [31] . However, this study recommended crushing of Prosopis seed pods before their use for livestock feed to minimise seed dispersal.
Perceptions and Management Options
Various control approaches have been recommended as solutions to Prosopis invasion from a range of quarters around the world. The approaches are basically dichotomous in nature. One category focuses on eradication, while the other centres on management of the species. Eradication approaches entail systematic control of Prosopis plant population that leads to the elimination of Prosopis species from a particular area [32] . Time is a critical factor in this method. Otherwise, eradication approaches may tend to be management approaches if conducted indefinitely. Management approaches involve systematic and sustainable containment of Prosopis plant population [10, 33] . Containment reduces the rate of the spread of the plant species [33] . It is on this background that the perceptions of the respondents were considered The respondents identified eradication approaches as their preferred option of controlling the spread of Prosopis plants. However, the implementation of eradication approaches on Prosopis plants have failed in other areas around the world. For example, campaigns to implement eradication methods on Prosopis plants were initiated in 1995 in Sudan following a declaration for eradication of the species by the Sudanese President [10, 11] . The eradication process was undertaken at the expense of millions of US Dollars [10, 11] . Notwithstanding the high costs of the eradication project, the rate of success was relatively insignificant even when Prosopis plants were uprooted [10, 11] . Furthermore, experiences from America, Asia, Australia and South Africa indicated that eradication of Prosopis plants was costly, difficult and often impracticable [34, 35] . Eradication of Prosopis plants is also complicated by the long dormancy period (up to 10 years) of their seeds in the soil seed bank which normally germinate immensely under environmental disturbance [34] . Therefore, eradication approaches were considered unsuitable option for the control of the spread of Prosopis plants in the study area. At best, eradication methods could be applied as supplementary method to other potential management approaches (see Section 4.5).
Potential Prosopis Management Options
Different studies have shown that the war against the invasion of Prosopis would not be won by engaging a single management approach [10, 34] . Therefore, the establishment of a sustainable management system for Prosopis species in the study area requires consideration of various management approaches that have been implemented with success to address the invasion of Prosopis in other countries like Argentina, Kenya, India and the Republic of South Africa [e.g. 1, 7, [36] [37] [38] . It is on this basis that the integrated management model (Figure 3 ) in which possible management options are implemented on a case based approach to control the spread of Prosopis plants was recommended for the study area. Not only this, but the model was also considered applicable in other areas where the invasion of Prosopis specis was a cause for concern in the Kgalagadi region. The model emphasizes the essence of external support to the rural communities toward sustainable natural resources management.
It is important to note that in cases where the need to apply biological control methods arises, the selection of insects to be used should be confined to those destroying seeds only, as seeds are considered key attribute of Prosopis invasiveness [35] . In addition, host specificity of insects applicable to Prosopis species growing in the study area is another critical aspect in biological control methods that warrants consideration. The focus on host specific seed-feeding insects aims to address issues related to unplanned destruction of the useful non-seed Prosopis properties and also promote sustainability. Worth noting is the observation that the costs of herbicides, potential soil pollution, possible poisoning of livestock and other undesirable consequences associated with chemicals [34] rendered chemical control methods as the least recommended method of controlling the spread of Prosopis plants in the study area.
Conclusion
The purpose of this study was to determine the extent to which Prosopis species had invaded four settlements in the Kgalagadi area south west of Botswana, investigate the perceptions of the communities about the existence of the species in their environments and assess possible control options for the spread of Prosopis plants in the area. The study has shown that the invasion of Prosopis was prominent in settlements areas and their surroundings. Thus, it was concluded that anthropogenic activities significantly influenced the spread and spatial distribution of Prosopis plants in the study area. Additionally, it was observed that the perceptions of the communities about Prosopis plants were moulded by the impacts of the species on their livelihoods as well as their microeconomic background. As a result, rural communities viewed Prosopis plants as environmental nuisance because the plants lacked desired influence over their livelihoods. This study highlighted the need for external support to facilitate systematic and sustainable control of Prosopis species in the study area. Eradication as a single method of controlling the spread of Prosopis plants in the study area was considered impracticable. Instead, this study recommended an integrated management approach in which potential methods of controlling the spread of Prosopis plants are implemented on a case-based system. The study also recommended that in the implementation of the recommended model, socio-economic benefits associated with Prosopis plants should be promoted to foster sustainability in community development and natural resources management.
